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forming a rotor rolling face 5 on the inner circumferential 
faces of the drive 
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inserted into the 

stator 1. The rotor 11 is constituted of a rotor electrode 

12 composed of a 
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Specification 

/I 



1. Title of the Invention: HARMONIC DRIVE-TYPE ELECTROSTATIC MOTOR 



2. Claim 

A harmonic drive-type electrostatic motor with the following 
characteristics: In a harmonic drive-type electrostatic motor which 
consists of a stator which is endowed with multiple drive 
electrodes on the surface of a stator casing, a rotor electrode 
which becomes tumbled along the rotor tumble plane of the stator, 
and an insulating film which electrically insulates said rotor 
electrode and drive electrodes, 

A magnet and the aforementioned drive electrodes are configured on the 
surface of a stator casing which consists of a non-magnetic 
material in a laminated state or in a compartmentalized fashion, 
and the aforementioned rotor electrode is formed by an 
electroconductive f erromagnet . 

3 . Detailed explanation of the invention 

(Industrial application fields) 
The present invention concerns a harmonic drive-type electrostatic motor, 
which represents a type of electrostatic motors. 



x Numbers in the margin indicate pagination in the foreign text 
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(Background technology) 

A harmonic drive-type electrostatic motor uses as a drive energy 
source the temporal variation of an electrostatic capacitance which 
is obtained by impressing a drive voltage between multiple drive 
electrodes formed on a stator and a rotor, and by virtue of its 
two-dimensional constitution, it contributes to size reduction. 
Studies are being conducted on such an electrostatic motor in the 
context of providing a practical system. 

The structure of a harmonic drive-type electrostatic motor proposed 
in the prior art is shown in Figures 6 (a) and (b) , and it is 
constituted by the stator (51) and the rotor (61). The stator (51) 
is obtained by blanketing the inner circumferential plane of the 
metallic stator casing (52), which is characterized by a 
cylindrical shape, with the insulating layer (53) , which consists 
of an insulating adhesive, by configuring multiple curvy drive 
electrodes Tl, T2, ... on the insulating layer (53) while the air 
gap (54) is being secured between them, and by adhering and fixing 
the respective drive electrodes Tl, T2, ... to the inner 
circumferential plane of the stator casing (52) via the insulating 
layer (53), and the rotor tumble plane (55) is formed on each of 
the drive electrodes Tl, T2, . . . 

The outer circumferential plane of the rotor (61) and the drive 
electrodes Tl, T2, ... of the stator (51), furthermore, become 
mutually contiguated via the insulating film (63) under the 
pervasion of an 12 

electrostatic capacitance suction force which becomes generated by 
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the voltage impressed between the drive electrodes Tl, T2, ... and 
the rotor electrode (62), and in a case where the voltage 
impression positions of the drive electrodes Tl, T2, ... are 
sequentially switched, the rotor (61) comes to engage in a 
precession within the stator (51) . 

(Problems to be solved by the invention) 

The output torque of the aforementioned harmonic drive-type 
electrostatic motor becomes generated by an electrostatic suction 
force which becomes exerted between the drive electrodes and the 
rotor electrode, and accordingly, a limitation comes to be imposed 
by a frictional force which becomes exerted between the rotor and 
stator. In other words, in a case where a slip occurs between the 
rotor and stator, it becomes impossible to achieve a high output 
torque . 

As has been mentioned above, however, the frictional force between 
the rotor and stator attributed exclusively to the electrostatic 
suction force between the drive electrodes and rotor electrode is 
minimal, and accordingly, the rotor comes to slip in response to 
the impression of a high load, as a result of which it becomes 
impossible to generate a high output torque. 

In a case where the desynchronization of the rotor has occurred, in 
particular, the frictional force between the rotor and stator 
becomes minimized, as a result of which the slip of the rotor 
becomes likely. 
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The objective of the present invention, which has been conceived 
against the foregoing technical backdrop, is to provide a harmonic 
drive-type electrostatic motor which is capable of elevating the 
frictional force between a rotor and a stator and of generating a 
holding torque even at a time of desynchronization . 

(Mechanism for solving the problems) 

The following constitution is provided by the harmonic drive-type 
electrostatic motor of the present invention: In a harmonic drive- 
type electrostatic motor which consists of a stator which is 
endowed with multiple drive electrodes on the surface of a stator 
casing, a rotor electrode which becomes tumbled along the rotor 
tumble plane of the stator, and an insulating film which 
electrically insulates said rotor electrode and drive electrodes, a 
magnet and the aforementioned drive electrodes are configured on 
the surface of a stator casing which consists of a non-magnetic 
material in a laminated state or in a compartmentalized fashion, 
and the aforementioned rotor electrode is formed by an 
electroconductive f erromagnet . 

(Functions) 

As far as the present invention is concerned, the rotor is 
suctioned toward the stator by an electrostatic suction force which 
becomes exerted between the rotor electrode and drive electrodes 
and a magnetic force which becomes exerted between the rotor 
electrode and magnet, as a result of which the frictional force 
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between the rotor and stator becomes enhanced, and since the slip 
of the rotor becomes unlikely even in a case where a high load is 
impressed on the rotor, the output torque can be elevated. 
Even in a case where no voltage is impressed between the rotor 
electrode and magnet, furthermore, a holding torque arises under 
the pervasion of the magnetic force exerted between the rotor 
electrode and magnet. Even if the rotor becomes desynchronized, 
therefore, the hover of the rotor from the rotor tumble plane can 
be avoided, and the slip of the rotor can be prevented. 

(Application examples) 

In the following, an application example of the present invention 
will be explained in detail with reference to attached figures. 
Figures 1 (a) and (b) show an approximate constitution of the 
harmonic drive-type electrostatic motor A of an application example 
of the present invention, which is constituted by the stator (1) 
and the rotor (11) . 

(2) is a stator casing which has been obtained by molding a non- 
magnetic metallic material into a cylindrical shape. As Figure 1 
(b) indicates , multiple cylindrical magnets (7a) ~ (7d) are 
configured on the inner circumferential plane of the stator casing 
(2) via gaps along the axial direction, whereas the insulating 
layer (6) is filled into the gap between adjacent members of the 
respective magnets (7a) - (7d) , whereas these magnets (7a) ~ (7d) 
are fixed to the inner circumferential plane of the stator casing 
(2) by the adhesive layer (8) on the outer circumferential plane 
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and the insulating layer (6) . The respective magnets (7a) - (7d) 
are each polarized along the axial direction while being configured 
in mutually alternating polarities, and the N pole and S pole of 
adjacent members of the respective magnets (7a) ~ (7d) oppose one 
another via the insulating layer (6). The insulating layer (3), 
which consists of an insulating adhesive, furthermore, is formed on 
the entire inner circumferential plane of each of these magnets 
(7a) ~ (7d) , and multipolar (octapolar in the example shown in the 
figures) drive electrodes PI ~ P8 are configured on the surface of 
the insulating layer (3) via a certain pitch along the 
circumferential direction, whereas the drive electrodes PI - P8 are 
adhered and fixed to the inner circumferential plane of each of the 
magnets (7a) - (7d) via the insulating layer (3) while the drive 
electrodes PI - P8 and magnets (7a) - (7d) are being mutually 
insulated via the insulating layer (3) . Adjacent members of the 
respective drive electrodes PI ~ P8, furthermore, are mutually 
insulated via the air gap (4), and the rotor tumble plane (5) is 
formed on the inner circumferential plane of each of the respective 
drive electrodes PI - P8. /3 
The rotor (11), which is made of a metal, which is characterized 
by a hollow cylindrical or non-hollow cylindrical shape, and the 
outer diameter of which is smaller than that of the aforementioned 
stator (1), is inserted into said stator (1), and the length of the 
rotor (11) is virtually identical to that of the stator (1) . The 
rotor (11) consists of the rotor electrode (12), which consists of 
an electroconductive ferromagnetic material, and the insulating 
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film (13), and the outer circumferential plane of the rotor 
electrode (12) or its entire surface is blanketed with the 
insulating film (13), which is either insulating or dielectric, for 
precluding the electric conduction of the drive electrodes PI - P8 
and the rotor electrode (12) . It goes without saying that the 
insulating film (13) can be configured on the inner circumferential 
plane of the stator (1) instead of being configured on the rotor 
(11) . The rotor electrode (12) remains constantly grounded via a 
support unit (not shown in the figures) . 

The drive control unit (21) of the harmonic drive-type 
electrostatic motor A, on the other hand, is constituted by the DC 
power source (23), the oscillator (22), and the switching circuit 
(24), as Figure 2 indicates. The switching circuit (24) is 
connected to each of the respective drive electrodes PI - P8 via 
the drive electrode cable (25), whereas said switching circuit (24) 
sequentially switches among the drive electrodes PI - P8 for 
impressing the drive voltage V, which has been supplied from the DC 
power source (23), in synchrony with a signal obtained from the 
oscillator (22) . 

Figure 3 is a time chart which shows the voltage variations of the 
respective drive electrodes PI ^ P8 as they are being controlled by 
the switching circuit (24) . Thus, the impression position of the 
drive voltage V is shifted by one member each of the respective 
drive electrodes PI ~ P8 along the circumferential direction by the 
switching circuit (24), as a result of which the suction position 
of the rotor (11) sequentially shifts counterclockwise under the 
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pervasion of the electrostatic suction force, based on which the 
rotor (11) becomes transitively rotated counterclockwise while 
being tumbled on the inner circumferential plane of the stator (1) 
and while simultaneously revolving intransitively along the 
clockwise direction (direction of the arrow in Figure 2) . 
Incidentally, this drive method is merely an example, and it is 
also possible to switch the voltage impression positions while a 
voltage is being simultaneously impressed on multiple drive 
electrodes . 

While the rotor (11) is thus tumbled along the inner 
circumferential plane of the stator (1), the rotor (11) becomes 
suctioned toward the stator (1) by an electrostatic suction force 
which becomes exerted between the rotor electrode (12) and the 
drive electrodes PI ~ P8, and since the magnetic rays of the 
magnets (7a) ~ (Id) additionally form a closed loop while the rotor 
electrode (12), which consists of a ferromagnet, avails itself as a 
magnetic path, the respective portions of the rotor (11) become 
nearly evenly suctioned along the longitudinal direction by said 
magnetic rays. Upon the exertion of the magnetic suction force 
(magnetic force) of the magnets (7a) ~ (7d) , therefore, the rotor 
(11) becomes suctioned toward the stator (1) more decisively, as a 
result of which the frictional force between the rotor (11) and 
stator (1) increases. Even in a case where a high load is 
impressed, therefore, the slip of the rotor (11) becomes unlikely, 
and a higher output torque can be obtained. Even in a case where 
the rotor (11) becomes desorbed from the drive electrodes on which 
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the drive voltage V is being impressed due to desynchronization, 
furthermore, the requisite holding torque can be secured based on 
the magnetic suction force of the magnets (7a) - {Id), and the slip 
of the rotor (11) becomes unlikely. 

Another application example of the present invention is shown in 
Figures 4 (a) and (b) . As far as this harmonic drive-type 
electrostatic motor B is concerned, the magnets (7e) and (7f ) , 
which are each characterized by a cylindrical shape, are configured 
at both ends of the inner circumferential plane of the stator 
casing (2), which consists of a non-magnetic material, whereas 
multiple drive electrodes PI - P8 are configured between these 
magnets (7e) and (7f ) . These magnets (7e) and (7f ) are polarized 
respectively toward the inner circumferential plane side and the 
outer circumferential plane side, and the respective polarities of 
the magnets (7e) and (7f) are mutually opposite. The gap between 
the drive electrodes PI ~ P8 and the stator casing (2) and the gap 
between the drive electrodes PI ~~ P8 and the magnets (7e) and (7f) 
are insulated fixedly by the insulating layers (3) and (8), 
respectively. A magnetic ray emitted from the N pole of one magnet 
(7e) returns to the S pole of the same magnet (7e) , whereas a 
magnetic ray emitted from the N pole of the other magnet (7f) 
returns to the S pole of the same magnet (7f ) , and thus, closed 
loops are respectively formed. In such a case, the rotor (11) 
becomes suctioned based not only on the electrostatic suction force 
between adjacent members of the drive electrodes PI ~ P8 but also 
on the magnetic force between the magnets (7e) and (7f ) , based on 
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which the contiguation force between the rotor (11) and stator (1) 
increases, resulting in an increase in the frictional force. 
As far as this application example is concerned, furthermore, the 
respective inner diameters of both magnets (7e) and (7f) are 
designated to be slightly smaller than the respective inner 
diameters of the drive electrodes PI - P8, and the inner 
circumferential planes of the magnets (7e) and (7f) collectively 
serve as the rotor tumble plane (5) . For this reason, the rotor 
(11) becomes tumbled on the inner circumferential planes of the 
magnets (7e) and (7f) without being contacted with /4. 
the drive electrodes PI ~ P8. Unlike the drive electrodes PI - P8, 
neither the magnet (7e) nor (7f) possesses the air gap (4), and 
therefore, the rotor (11) becomes smoothly rotated without dipping 
into the air gap (4), and the rotation noise is also minimized. 
Figures 5 (a) , (b) , and (c) show still another application example 
of the present invention. As far as this harmonic drive-type 
electrostatic motor C is concerned, the respective structures of 
the magnets (7g) and (7h) , which are configured on both sides of 
the drive electrodes PI ~ P8 on the inner circumferential plane of 
the stator casing (2), differ from their counterparts of the 
application example shown in Figures 4 (a) and (b) . As far as this 
application example is concerned, the respective magnets (7g) and 
(7h) , which are each characterized by a cylindrical shape, are 
divided into multiple parts, as Figure 5 (a) indicates, and each 
magnet piece (10) is polarized between the inner circumferential 
plane side and the outer circumferential plane side, whereas the 



polarization directions of adjacent members of the respective 
magnet pieces (10) are mutually opposite. 

Incidentally, as far as the aforementioned application example is 
concerned, drive electrodes are configured on the inner 
circumferential plane of the stator casing while the rotor is being 
inserted into the hollow interior space of the stator (inner rotor 
format) , although the present invention is not limited to this type 
of harmonic drive-type electrostatic motor, and it is also 
applicable to a constitution wherein drive electrodes are 
configured on the outer circumferential plane of a stator casing 
and wherein a cylindrical rotor is externally interfaced with the 
outer circumference of the stator (outer rotor format) . 

(Effects of the invention) 

As far as the present invention is concerned, a suction force 
ascribed to a magnet is exerted between a rotor and a stator, based 
on which the frictional force between the rotor and stator becomes 
elevated, and even in a case where a high load is impressed on the 
rotor, the slip of the rotor becomes unlikely, and the output 
torque increases. 

Even if no voltage is impressed between the rotor electrode and 
drive electrodes, furthermore, a holding torque can be generated by 
the magnet. The hover of the rotor from the rotor tumble plane can 
therefore be avoided even when the rotor becomes desynchronized, 
and the slip of the rotor can be prevented. 
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4 . Brief explanation of the figures 

Figures 1 (a) and (b) are respectively diagrams which show a 
frontal view and a cross-sectional view of an application example 
of the present invention, whereas Figure 2 is an approximate 
constitutional diagram which shows a method for driving the motor 
of the same, whereas Figure 3 is a time chart which shows the 
variations of the voltages impressed on the respective drive 
electrodes of the same, whereas Figures 4 (a) and (b) are 
respectively diagrams which show a frontal view and a cross- 
sectional view of another application example of the present 
invention, whereas Figures 5 (a) and (b) are respectively diagrams 
which show a frontal view and a cross-sectional view of still 
another application example of the present invention, whereas 
Figure 5 (c) is a diagram which shows a cross-sectional view of the 
Z-Z segment of Figure 5 (b) , whereas Figures 6 (a) and (b) are 
respectively diagrams which show a frontal view and a cross- 
sectional view of harmonic drive-type electrostatic motor explained 
in the section of the "Background Technology." 

(1): Stator; (2): Stator casing; PI ~ P8: Drive electrodes; (7a) - 
(7h) : Magnets; (11): Rotor; (12): Rotor electrode; (13): Insulating 
film. 

Patent Applicant: Omron Co., Ltd. 
Agent: Masafusa Nakano, patent attorney 

13 



Figures 6 



(a) 




(b) 



- V f 



V\\\\'\\\ 

..' > s j y>y - J .-'V : 



\ 



55 Ts 



51 



-61 




Keys : 

[(1): Stator; (2): Stator casing; PI - P8 : Drive electrodes; (5): 
Rotor tumble plane; (7a) ~ (7h) : Magnets; (11): Rotor; (12): Rotor 
electrode; (13) : Insulating film] 

14 



Figures 4 




Figure 2 




[(22): Oscillator; (23): DC power source; (24): Switching circuit] 
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Figure 3 
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